ABSTRACT-The histamine release induced by compound 48/80, bradykinin or polyethylenimine with a molecular weight of 600 (PEI6) was inhibited by wheat germ agglutinin (WGA) and phytohemagglutinin E-subunits (PHA-E4), and the inhibition was specifically reversed by N-acetyl glucosamine and N-acetyl galactosamine, respec tively. Concanavalin A (Con A) and phytohemagglutinin L-subunits (PHA-L4) did not inhibit the histamine release induced by compound 48/80, bradykinin or PEI6. The histamine release induced by substance P was also inhibited sugar-specifically by WGA and PHA-E4. The binding sites for compound 48/80, bradykinin, PEI6 and sub stance P, therefore, seemed to especially overlap each other. These binding sites were found to be glycoproteins having affinities to WGA and PHA-E4, but not to Con A and PHA-L4. The binding of WGA and PHA-E4 to the glycoproteins resulted in inhibition of the interaction between the basic secretagogues including bradykinin and substance P and their binding sites on the mast cells. The bindings of five lectins to mast cell glycoproteins were examined by lectin-blotting. Several glycoproteins, which had specific affinities to WGA and PHA-E4, but not to Con A and PHA-L4 were de tected. We assumed that the binding sites for basic secretagogues which are coupled with histamine-releasing mechanisms exist among these glycoproteins. A 41-kDa pro tein (a-subunit of pertussis toxin-sensitive G protein) was not detected by WGA, sug gesting that the binding sites for the basic secretagogues were not G proteins.
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Stimulus-secretion coupling mechanisms in rat peritoneal mast cells are thought to involve G proteins, because GTP-analogues enhanced histamine release (1) . Moreover, histamine re lease induced by compound 48/80 or brady kinin is inhibited by pertussis toxin, but that induced by antigen or anti-IgE is not (2) (3) (4) . We found that the histamine release induced by polyethylenimine (MW = 600, PEI6) was inhibited by pertussis toxin (5) . Compound 48/80, bradykinin and polyethylenimine are all basic secretagogues. There is, however, no similarity in their chemical structures. The ac tion sites for compound 48/80 on the plasma membrane of mast cells were proposed by Hino et al. (6) . Also the number of sites for compound 48/80 were calculated using a radio or spin-labeled compound 48/80 (109 1010 binding sites/cell in normal mast cells) (7, 8) . These sites should be quite different from the IgE receptors of mast cells. Recently, histamine-releasing potencies of compound 48/80 and substance P were found to be de creased by pretreatment of mast cells with neuraminidase (9) , suggesting that sialic acid residues of the mast cell membrane constitute the site at which basic secretagogues exert their stimulatory actions leading to the hista mine release. These results are consistent with our findings showing that sialic acid-specific lectins, wheat germ agglutinin (WGA) and Limax flavus agglutinin, inhibited the hista mine release induced by compound 48/80 and PEI6 (5). It is well-known that concanavalin A (Con A) induces histamine release from mast cells in the presence of extracellular calcium and phosphatidylserine, because it dimerizes IgE receptors on the mast cells, as do antigens (10) . However, Con A, in the absence of phosphatidylserine, did not affect the hista mine release induced by compound 48/80 or PEI6 (5) . From rat peritoneal mast cells, sub stance P induces histamine release, which is inhibited by pertussis toxin (9) . These observations suggest that histamine-releasing mechanisms activated by compound 48/80, bradykinin and PEI6 are possibly similar to that by substance P. Since compound 48/80, bradykinin, substance P and PEI6 activated G proteins in order to release histamine, these binding sites seem to be coupled with G proteins or to be a component of G proteins (11) . To examine these action sites on rat mast cells, we further compared the effects of five lectins with different sugar specificities on histamine release induced by compound 48/80, bradykinin and PEI6. The effect of substance P was also examined. The glycoproteins of mast cells were detected by five lectins.
MATERIALS AND METHODS

Preparation of purified mast cells
Mast cells from the peritoneal cavity of male Sprague-Dawley rats weighing 300 350 g were purified using Ficoll 400 (Pharmacia) as previously described (12) . The purity of the mast cells in the final preparation was more than 90% and 95% for the histamine releasing assay and SDS-polyacrylamide gel electro phoresis, respectively.
Assay of histamine release from rat mast cells A 0.5-ml sample of cell suspension (2 X 104 cells) in Hepes-buffered Tyrode solution was preincubated at 37°C for 10 min and then incubated with polycations for another 10 min. The cells were treated with lectins for 10 min. After treatment with lectins, the cells were then incubated with compound 48/80 (0.3 ,ug/ml), bradykinin (50,uM) or PEh (3 ,ug/ml) for 10 min. Ice-cold Hepes-buffered Tyrode solution (1.8 ml) was added to termin ate the reaction and the mixture was centri fuged at 2,100 X g for 10 min at 4°C. Hista mine in the supernatant was determined using the fluorometric assay of Shore et al. (13) . Histamine release was calculated as a percent age of the total cell content. Values for hista mine release are given as the mean ± S.E. for several replicate experiments on different sam ples of pooled cells. The histamine releases in the presence of 1 mM calcium induced by compound 48/80 (0.3 ,ug/ml), bradykinin (50 ,uM) and PEh (3 ,u g/ml) for 10 min at 37°C were 44.2± 1.8 (n=59),36.3± 3.1 (n=22) and 50.5 ± 2.2 (n = 53) % of the total con tent, respectively. Spontaneous histamine re lease was 5.2 ± 2.5% (n = 75). Basic secreta gogues are able to release histamine in the absence of extracellular calcium or in the pres ence of a low concentration of calcium (3, 14, 15) . Under our conditions, the values of hista mine release percentage induced by compound 48/80, bradykinin, PEI6 and substance P in the presence of 0.3 mM calcium were 62.2 ± 3.2 (n = 16), 42.9 ± 3.2 (n = 8), 34.7 ± 3.1 (n = 10) and 24.1 ± 1.6 (n = 8), respec tively. The sugars used had no inhibitory effect on the histamine release induced by basic secretagogues. The spontaneous release of histamine in the presence of 0.3 mM cal cium was 7.2 ± 0.5% (n = 33). No appreci able release of histamine was observed in the presence of tested lectins and sugars except for Con A. At a concentration of 100 ,g/ml, Con A slightly released histamine in the ab sence of basic secretagogue: the histamine re lease in the presence of 1 mM calcium was 13.8 ± 3.0% (n = 3, P < 0.01). The inhibi tory effects of the lectins were calculated by the following equation:
% Inhibition = 100 (histamine release with lectin spontaneous release) / (hista mine release without lectin spontaneous release) X 100
Statistical analyses Statistical significance was evaluated by the unpaired Student's t-test and P = 0.05 was taken as the upper limit of significance.
SDS-polyacrylamide gel electrophoresis and lectin blotting
The purified mast cells (4 X 107 cells/ml) were lysed in cell lysis buffer (10 mM Tris HCI, 0.5% Nonidet P-40, 1 mM phenyl methylsulfonylfluoride, 10 ,ug/ml pepstatin A, 1 mM EDTA, 5 mM N-ethylmaleimide and 250 mM sucrose, pH 7.4) for 1 hr at 4°C. To an aliquot of supernatant obtained by centri fugation (10,000 X g, 15 min, 4°C), an equal amount of solubilizing buffer (125 mM Tris HCI, 2% sodium dodecyl sulfate (SDS), 20% glycerol, 0.001% bromophenol blue and 5% 2 mercaptoethanol, pH 6.8) was added, and then the sample was boiled at 100°C for 5 min. Glycoproteins were separated by SDS-poly acrylamide gel electrophoresis (SDS-PAGE) using 7.5% or 10% acrylamide gel and then transferred to nitrocellulose paper (Bio Rad) at 50 V for 150 min in 25 mM Tris, 192 mM glycine at 4°C using the Bio Rad protein trans fer system. The nitrocellulose paper with blot ted protein was blocked by incubation with phosphate-buffered saline (PBS) containing 30 mg/ml bovine serum albumin at room temper ature for 2 hr with gentle shaking. The nitro cellulose paper was then incubated with PBS 0.05% Tween 20 (PBS-Tween 20) containing biotinylated lectins (biotinylated lectins were prepared as described), for 2 hr at room temperature with gentle shaking. The nitro cellulose paper was incubated with PBS Tween 20 containing 1/1000 diluted horse radish peroxidase (Zymed) for 1 hr at room temperature with gentle shaking. The binding of lectins was detected by color development using 4-chloro-l-naphtol as the substrate. The nitrocellulose paper was washed with PBS Tween 20 four times after each incubation.
Chemicals
Compound 48/80, bradykinin (acetate salt), substance P (acetate salt), Con A, N-acetyl galactosamine (Ga1NAc) and galactose were purchased from the Sigma Chemical Co. (St. Louis, MO). Polyethylenimine with a molecu lar weight of 600 (PEh) was a gift from Drs. Oku and Nango. Phytohemaggulutinin (PHA, mixture, the highly mitogenic fraction) and succinyl-WGA were purchased from EY Laboratories (San Mateo, CA). WGA, phyto hemagglutinin E-subunits (PHA-E4), L-sub units (PHA-L4) and Ricinus communus agglu tinin (MW = 130,000, RCA120) were from the Honen Corp. (Tokyo, Japan). N-Acetyl gluco samine (GIcNAc) and a-methyl mannoside (a-MM) were from Wako Pure Chemicals (Osaka, Japan) and the Tokyo Kasei Kogyo Co. (Tokyo, Japan), respectively. Biotinylated derivatives of Con A, WGA, PHA-E4 and RCA120 were prepared by the method of Umeda et al. (16) The histamine release induced by bradyki nin was also inhibited by WGA dose-depend ently, but not by Con A (Fig. 1) . The hista mine release induced by compound 48/80 or PEI6 from rat peritoneal mast cells was inhib ited by WGA as previously described (5). Especially, WGA (100,ug/ml) almost com pletely inhibited the histamine release induced by bradykinin.
The inhibitory effect of WGA on the hista mine release was reversible. Preincubation of WGA with its inhibitory sugar GIcNAc, but not with a -MM or Ga1NAc, reversed the in hibitory effect of WGA (Fig. 2) . The IC50 values of WGA for the histamine release in duced by compound 48/80, bradykinin and PEI6 were 79.5, 18.5 and 28.9 ,ug/ml, respec tively.
In the presence of 0.3 mM calcium, WGA also significantly inhibited the histamine re lease induced by compound 48/80, bradykinin or PEI6 (Fig. 3) , suggesting that the inhibitory effect of WGA was independent of the ex tracellular calcium concentration. These in hibitory effects of WGA were reversed by the addition of 10 mM G1cNAc.
The effects of succinyl-WGA on the hista mine release induced by compound 48/80 or PEI6 in the presence of 1 mM calcium were examined, because WGA loses its affinity to sialic acid by modification with succinic acid (17) . At a concentration of 100 pg/ml, it in hibited the histamine release induced by com pound 48/80 and PEI6, the percent inhibitions being 20.3 ± 7.7 (n = 6, P < 0.05) and 43.4 ± 4.4% (n = 6, P < 0.01), respectively. Fig. 2 . Effects of sugars on interaction between WGA and rat mast cells. WGA (100,ug/ml) was preincu bated with G1cNAc (closed circles), GaINAc (closed squares) or a-MM (closed triangles) in the presence of 1 mM calcium, and then the mast cells were added. The mast cells were incubated with compound 48/80 (0.3,ug/ml), bradykinin (50,uM) or PEI6 (3,ug/ml) for 10 min at 37°C. Percent inhibition was calculated as described in Materials and Methods. Values are given as the mean ± S.E. for 6 replicated experiments. * * P < 0 .01, * * * P < 0.001. (0.3,ug/ml), bradykinin (50,uM) or PEI6 (3 pg/ml) for 10 min at 37°C. Closed triangles indicate values in the presence of WGA and its inhibitory sugar GIcNAc (10 mM). Percent inhibition was calculated as de scribed in Materials and Methods. Values are given as the mean ± S.E. for 6 to 8 replicated experiments. * * P < 0 .01, * * * P < 0.001. However, these inhibitions by succinyl-WGA were not reversed in the presence of G1cNAc ( Table 1 ), suggesting that its effects were not sugar-specific.
Effects of PHA-E4 and PHA-L4 on the hista mine release induced by compound 48/80, bradykinin and PEI6 We previously reported that PHA (mixture) had an inhibitory effect on the histamine re lease induced by compound 48/80 or PEI6 in the presence of 1 mM calcium (5). The pres ent study was performed to clarify which sub unit of PHA is active. The inhibitory effect of PHA was dependent on the E-subunit, but not on the L-subunit, because only PHA-E4 showed an inhibitory effect on the histamine release (Fig. 4) . Ga1NAc (10 mM) partly re versed the inhibitory effects of PHA-E4, sug gesting that these inhibitory effects of PHA-E4 were sugar-specific (data not shown).
PHA-E4 also inhibited the histamine release induced by compound 48/80, bradykinin or PEI6 in the presence of 0.3 mM calcium (Fig.  5) . These inhibitiory effects were irreversible in the presence of 30 mM galactose. Effect of RCA120 on the histamine release induced by compound 48/80, bradykinin and PEI6 The effects of RCA120 on the histamine re lease in the presence of 1 mM calcium were examined, because it hardly binds to the glyco proteins rich in sialic acid residues (18) . We found that RCA120 had only a small effect on the histamine release induced by compound 48/80 and PEI6 and was ineffective on that by bradykinin ( Table 2 ). The inhibitory effect was reversed by 10 mM lactose. It is notewor thy that its inhibitory effect did not increase with an increase in its concentration. These re sults confirmed the inhibitory effects of PHA E4 as already described. (0.3,ug/ml), bradykinin (50,uM) or PEI6 (3 tg/ml) for 10 min at 37°C. Percent inhibition was calculated as described in Materials and Methods. Values are given as the mean ± S.E. for 6 to 8 replicated experiments. *P<0 .05, ***P<0.001. Effects of WGA and PHA-E4 on the histamine release induced by substance P The effects of WGA and PHA-E4 on hista mine release induced by substance P in the presence of 0.3 mM calcium were examined (Fig. 6) . Both lectins had inhibitory effects on the histamine release. The inhibition by WGA was significantly reversed by preincubation with 10 mM G1cNAc (Fig. 6A, P < 0 .01, n = 6).
Analysis of glycoproteins of rat mast cells with affinities to the lectins
The glycoproteins of rat peritoneal mast cells, which have affinities to WGA, Con A, PHA-E4, PHA-L4 or RCA120 were examined. Figure 7 (A and B) shows that there are many glycoproteins having affinities to the five lec tins. The binding of biotinylated-lectins to these glycoproteins were disrupted by the pre treatment with inhibitory sugars (Fig. 7B) . Several glycoproteins, which had specific affin ities to WGA and PHA-E4 but not to Con A and PHA-L4, were seen in Fig. 7A , although there were many glycoproteins having affin ities to all lectins tested. The arrows in Fig.  7A indicate two of the specific glycoproteins (possible binding sites). 
DISCUSSION
The effects of lectins on mast cells as hista mine releasers and the inhibitory effects of sugars on the lectin actions have been exten sively examined. However, only a few lectins release histamine from mast cells, and sugars have no-inhibitory activities (10, (19) (20) (21) . Con cerning the inhibitory effects of lectins on his tamine release by non-immunological stimuli, Bach and Brashler (22) and our group (5) re ported that histamine release induced by com pound 48/80 from rat mast cells was inhibited by WGA. We further examined the sugar-spe cific effects of lectins in this study, because we theorized that the action sites for compound 48/80 and PEI6 on rat peritoneal mast cells might be glycoproteins with G1cNAc and sialic acid residues. It is noteworthy that WGA, but not succinyl-WGA, inhibited the histamine release induced by basic secretagogues sugar specifically (Figs. 1 and 2) . WGA can bind to the glycoproteins with G1cNAc residues and/or sialic acid residues (23) . It loses its affinity to sialic acid but not to G1cNAc by modification with succinic acid (17) . The in hibitory effect of succinyl-WGA was not re versed by pretreatment with G1cNAc (Table  1) . Since succinyl-WGA is an acidic protein (pI = 4.0), while the native lectin is basic (pI = 8 .5) (24), succinyl-WGA seems to bind to basic secretagogue molecules instead of the glycoproteins in mast cells, as do other acidic compounds such as heparin or gangliosides (25) .
The histamine release induced by basic see retagogues was inhibited by PHA-E4 (Fig. 4) , suggesting that there are at least two types of action sites for basic secretagogues: glycopro teins with or without sialic acid. This view was supported by the inhibitory effect of RCA120 on the histamine release (Table 2) . PHA-E4 and RCA120 effectively caused aggregation of erythrocytes (26, 27) , but the inhibitory poten cies of PHA-E4 were much higher than that of RCA120. The order of potency of the inhibi tory lectins was WGA > PHA-E4 >> RCA120. Con A and PHA-L4 had no effect.
The sugar-specificity of PHA-E4 is different from that of PHA-L4, although the bindings of these lectins to glycoproteins are inhibited by Ga1NAc (26, 28) . Asialoglycoproteins as the action sites for basic secretagogues may have bisecting sugar residues. PHA (mixture) is the highly mitogenic fraction and the mixture of E4, E3L, E2L2, EL3 and L4. It is noteworthy that the inhibitory potency of PHA was great er than that of PHA-E4. PHA-E3L, -E2L2, or -EL3 is possibly more inhibitory than PHA-E4 Substance P, a basic neuropeptide, releases histamine from rat mast cells, as does brady kinin (29) . IC30 values for WGA on the re leases induced by substance P and bradykinin in the presence of 0.3 mM calcium were 5.2 and 41.4,ug/ml, respectively (Figs. 3 and 6 ).
PHA-E4 was found to be effective on the his tamine release (IC50 = 89.3,ug/ml, Fig. 6 ). Recently, direct interaction of substance P and bradykinin with G proteins in rat mast cells was proposed: substance P and bradykinin in creased the GTPase activity of Gia from bovine brain (30, 31) .
As noted by Mousli et al. (11) , it is interest ing that both substance P and bradykinin re lease histamine from mast cells and that the releases were not inhibited by their antago nists. Moreover, substance P antagonists and bradykinin antagonists (especially B2 antago nists) induce histamine release from rat mast cells (29, 32) . We confirmed the histamine re leasing activity of one B2 antagonist, D-Arg, [Hyp3 , Thi5 8, D-Phe]-bradykinin: at a concen tration of 25,uM, it released 34.1 ± 4.2% of the total histamine from rat mast cells (n = 6).
Using the lectin blotting analysis, many gly coproteins having affinities to five lectins were recognized (Fig. 7) . It was known that mast cells have a characteristic glycoprotein profile, different from those of basophils and leuko cytes (33) . The most well-known glycoprotein in the mast cell membrane is the a-subunit of IgE receptor (36 kDa), a kind of Con A recep tor, as seen in Fig. 7B (* ) . It was detected by Con A, but not by WGA. It is unlikely that the inhibitory lectins changed the dynamics of the mast cell membrane so as not to release histamine because the dynamics of the mem brane are possibly changed not only by WGA and PHA-E4, but also by Con A and PHA-L4.
We supposed that the binding of WGA and PHA-E4 to the glycoproteins inhibited the in teraction between the basic secretagogues and their binding sites on the mast cells. The in hibitory sugars for lectins did not inhibit the histamine release induced by basic secretago gues. It was, therefore, unlikely that basic se cretagogues have an affinity to specific sugars. It is probable that the effects of inhibitory lec tins were dependent on a kind of steric hin drance mechanism. The binding sites for basic secretagogues, therefore, seem to especially overlap each other. They were found to be glycoproteins having affinities to WGA and PHA-E4, but not to Con A and PHA-L4. Un fortunately, the specific glycoproteins as the action site for compound 48/80, bradykinin and PEI6 could not be identified from Fig. 7 . However, more than one protein in these gly coproteins are thought to be the action sites for these basic secretagogues. Since the a-sub unit of pertussis toxin-sensitive G protein is known to be without sugar residues, it is reasonable that a 41 kDa protein was not de tected by WGA (Fig. 7B) . We, therefore, propose a hypothesis whereby the glycopro tein, as the action site for these basic secreta gogues, may be coupled with the G protein of rat mast cells.
